reaction was analyzed by PAGE (15% TBE-Urea, 200V, 20 minutes, stained with SYBRI, imaged on a ChemiImager).
I. Materials and Methods

General Methods
All chemical reagents were purchased from Sigma-Aldrich, unless otherwise noted.
Water was purified with a Milli-Q purification system. DNA oligonucleotides were synthesized on a PerSeptive Biosystems Expedite 8909 DNA synthesizer or purchased from Integrated DNA Technologies. All reagents and phosphoramidites for DNA synthesis were purchased from Glen Research. All oligonucleotides were synthesized and deprotected according to manufacturer's protocols. Oligonucleotides were purified by reverse-phase high-pressure liquid chromatography (HPLC, Agilent 1200) using a C18 stationary phase (Eclipse-XDB C18, 5 µm, 9.4 x 200 mm) and an acetonitrile/ 100 mM triethylammonium acetate gradient.
Oligonucleotide concentrations were quantitated by UV spectroscopy using a Nanodrop ND1000 spectrophotometer. Non-commercial oligonucleotides were characterized by LC/ESI-MS; reverse-phase separation was performed on an Alliance 2695 (Waters) HPLC system using a UPLC BEH C18 column (1.7 µm, 2.1 x 50 mm) stationary phase and 6 mM aqueous triethylammonium bicarbonate/methanol mobile phase interfaced to a Q-Tof Micro mass spectrometer (Waters). Oligonucleotides greater than 70 nt in length were analyzed by PAGE.
DNA Sequences
In the sequences below: <3> = biotinTEG phosphoramidite (Glen Research, 10-1955 Tris-HCl, pH 8.0 (20 µL of a 500 mM stock solution) was added and the reaction mixture was incubated for 1 hour at room temperature. The products were purified by reverse-phase HPLC, precipitated with ethanol, and characterized by UV/Vis spectroscopy and LC/MS.
Synthesis of DNA-Daunomycin and DNA-Doxorubicin Conjugates
To 3' dithiol-modified DNA (4 nmol in 37.5 µL 1xPBS buffer, sequence 2f or 2m above) were added 7.5 µL of 500 mM pH 8 HEPES buffer and 5 µL of 1 M aqueous DTT.
After 30 minutes at room temperature, the DNA fraction was isolated by size exclusion chromatography (SEC) using Centri-Sep spin columns (Princeton Separations, Inc.). To the added (100 nmol in 1 µL of DMSO). After brief agitation, the reaction mixture was incubated at room temperature for 90 minutes, and then purified by SEC using a Nap-5 column (GE Healthcare). The product was further purified by HPLC, and characterized by UV/Vis spectroscopy and LCMS.
LC/MS Characterization of Oligonucleotides and Ligand-Oligonucleotide Conjugate
All raw data were processed using MassLynx MaxEnt1 (Waters Micromass) to obtain the deconvoluted mass using m/z 1500-5000 and the following MaxEnt1 parameters: 5000 Da output mass range around expected mass (from 5000 to 25000 Da, depending on construct); 0.1 Da output resolution; minimum intensity ratio left and right, 33%; width at half height for uniform Gaussian model, 0.75; number of iterations, 10.
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Synthesis of Protein-DNA Conjugates
To 50 µL of sodium MES buffer (50 mM, pH 5.4) was added sNHS ( 171.8, 166.0, 147.0, 137.7, 128.9, 126.2, 52.4, 41.5, 41.0, 25.1, 23.8, 22 .0.
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Primer Extension with Klenow Fragment
An extension mixture consisting of 10x NEB Buffer 2 (2 µL), dNTPs (660 pmol each in 2 µL water, Bio-Rad), and the target strand (200 fmol in 9 µL PBS) was incubated at 37 °C for 5 minutes. The appropriate ligand strand (200 fmol in 2 µL water) was added and the reaction mixture was incubated at 37 °C for 15 minutes. Klenow fragment exo -(2.5 U in 5 µL of 1x NEB Buffer 2, New England Biolabs) was added. The primer extension reaction (final volume = 20 µL) was incubated at 37 °C for 15 minutes. The polymerase was inactivated by heating to 75 °C for 20 minutes.
Primer Extension Conditions for Aptamer Experiments
The 
IDPCR on Single Target-Ligand Pairs (Figures 1 & 2)
All primer extension and qPCR reactions were performed as described above, except that free ligand (200 pmol The ligand strands, targets, and PCR conditions were as follows. For streptavidin (1a-SA), the following ligand strand sequences were used: positive control, 3a-biotin, 2, 2a-biotin and 2b-desthiobiotin; PCR was performed for 20 cycles (Figure 1b ). For trypsin (1b-trypsin), the following ligand strand sequences were used: positive control, 2, 2a-biotin, 2e-GLCBS, and 2c-antipain; PCR was performed for 20 cycles (Figure 1c ). For carbonic anhydrase (1c-CA), the following ligand strand sequences were used: positive control, 3b-CBS, 2, 2a-biotin, 2d-CBS and 2e-GLCBS; PCR was performed for 24 cycles (Figure 1d ). For the aptamer (1daptamer), the following sequences were used: 2f, 2g-Dn, and 2h-Dx; PCR was performed for 23 cycles (Figure 1e ). In this case, the products were stained with SYBRI (Invitrogen) and
imaged on a Typhoon Trio Imager (Amersham).
IDPCR in a Library Format (Figure 2)
In Approximately 500,000 sequence reads were obtained after sequencing and data processing using MATLAB 2 : 286,784 from the selection experiment, and 189,133 from the control (no protein) experiment. Due to the large number of possible sequences, many of the 67,599 possible sequences were not observed. A value of 1 was therefore added to the number of observed counts in the input and selection datasets for every sequence. The observed sequence counts were normalized (results from selection were divided by 286,784 and results from control were divided by 189,133). Enrichment factors were determined by dividing the fraction of total counts observed for each sequence after selection by the fraction of total counts observed for that sequence in the input control. The resulting set of enrichment factors are plotted in Figure 2 and described in Tables S1 and S2. (Figure S3) S3ab ). Enzymatic activity was measured by adopting a previously described method: 1 carbonic anhydrase (20 pmol for CBS and 2d-CBS, 4 pmol for GLCBS and 2s-GLCBS) was diluted in 180 µL assay buffer (PBS, 5% DMSO) and incubated with various concentrations of inhibitor for 10 minutes at room temperature and then for 5 minutes at 37˚C before addition of a chromogenic substrate, 4-nitrophenyl acetate (2 mmol in 20 µL acetonitrile). The change in absorbance signal (400 nm) was measured over 10 minutes at 37˚C using a SpectraMax microplate reader. The data obtained at various inhibitor concentrations was plotted and the K i was determined by fitting the equation below.
Ligand-Target Affinity Measurements
CBS, 2d-CBS, GLCBS and 2s-GLCBS / carbonic anhydrase complex (Figures
Antipain, 2e-antipain / trypsin complex ( Figure S3d) . Conditions were adopted from a previously reported protocol. 2 Trypsin (200 fmol S3a, b, d) . The 2b-desthiobiotin / streptavidin complex by gel shift (Figure S3c) . The DNA-ligand conjugate 2b-desthiobiotin was hybridized to a complementary 20-mer carrying a Cy3 label at the 3' end. The resulting duplex (10 nM) was incubated with increasing concentrations of streptavidin in binding buffer (145 mM NaCl, 10 mM Tris/HCl, 10 mM MgCl 2 , 7 mM Na 2 PO 4 , 1.9 mM KCl, 1mM dithiothreitol, pH 7.4), for 1 h and analyzed on a 20% TBE polyacrylamide gel. The appearance of a higher molecular weight band indicated formation of a streptavidin-
Equation used to fit K i from inhibitory curves (Figures
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2b-desthiobiotin complex. The apparent K d was determined from the streptavidin concentration for which the bands corresponding to free DNA and to the complex were of approximately equal intensity.
II. Supporting Results
Figure S1. Optimization of complementary region length. For hairpin extension to effectively report target-ligand binding, it must occur under conditions that both allow binding to take place and selectively extend intramolecular duplexes over intermolecular duplexes. We tested complementary regions of varying lengths to determine which can support the extension of intramolecular but not intermolecular duplexes. A variant of the primer extension protocol described above was performed, such that an extension mixture consisting of 10x NEB Buffer 2
(1 µL), dNTPs (330 pmol each in 1 µL water), target strand or hairpin (10 pmol in 1 µL water), and 5.5 µL water was prepared. After incubating the reaction at 37 °C for 2 minutes, the ligand strand (10 pmol in 1 µL water) was added. For samples using hairpin oligonucleotides, 1 µL water was added instead. After incubating at 37 °C for 2 minutes, Klenow (2.5 U in 0.5 µL)
was added (final reaction volume = 10 µL). The reaction was incubated at 37 °C for 20 minutes and the enzyme was inactivated by heating to 75 °C for 20 minutes. The primer extension 
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As linker length was increased from 4 to 16 PEG units (7 to 59 atoms), we observed an increase in ∆C T values upon ligand-receptor binding towards the positive control value of 8 cycles (not shown), suggesting that the DNA-ligand linker must be sufficiently long to simultaneously accommodate ligand-target binding, primer-template hybridization, and DNA polymerase binding. As the length of the PEG linker was further increased from 16 to 34 PEG units, ∆C T values slowly decreased, consistent with the expected decrease in effective molarity of the primer and template as the linker is further lengthened. Similar results were obtained from analogous experiments performed with 1b-trypsin and 2c-antipain sequences and with 1c-CA and 2e-GLCBS sequences. Collectively, these results demonstrate that a single linker structure is appropriate for the three targets investigated here and suggest that IDPCR will be able to accommodate targets of varying size and relative orientation. The affinity of 2d-CBS for carbonic anhydrase is 1.50 µM, and is approximately 5-fold higher than the affinity of CBS for CA (7.53 µM). This difference is likely due to the presence of the SI-17 hydrophobic hexylamine at the 3' end of the oligonucleotide, rather than an effect of the oligonucleotide itself; it is well known that derivatives of CBS containing hydrophobic groups at this position have increased affinities for carbonic anhydrase. 3 (b) As previously reported, 4 addition of a hydrophobic dipeptide (gly-leu) to CBS increased its affinity for CA (GLCBS K i = 470 nM). Conjugation of GLCBS to DNA did not greatly affect its affinity for CA (2s-GLCBS µL of 1.5x NEB Buffer 2. After incubation at 94 ˚C for 5 minutes followed by 5 minutes at 37 ˚C, 1 µL of H 2 O with or without 100 fmol of streptavidin was added. Following incubation at 37 ˚C for 15 minutes, Klenow Fragment exo -(2.5 U in 5 µL H 2 O pre-equilibrated at 37 ˚C) was added. The primer extension reaction was incubated at 37 °C for 15 minutes. The polymerase was inactivated by heating to 75 °C for 20 minutes. The extension reaction was subjected to qPCR as described above. Samples containing 1e-biotin, 2a- were synthesized and fractionated as described above (SI-8). Protein-DNA conjugates were characterized and quantitated by SDS-PAGE and densitometry. Representative gels are shown here. Aliquots (12 µL) of fractions collected from the FPLC were diluted in 4X NuPAGE Sample Loading Buffer (4 µL) (Invitrogen), heated to 95 °C for 5 minutes and analyzed by
